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phosphorescence, the emission commonly takes micro- or milliseconds to
appear. Different molecules exhibit lifetimes ranging from 10~3 to 10~u
seconds due to many different phenomena. Thus, by mechanically, elec-
tronically, or optically "gating" the detector, photoluminescence emission
from interfering species may be temporally filtered out, enhancing the sig-
nal-to-noise ratio. The success of this approach may be inferred from pub-
lished determinations of lanthanides at the 10"13 molar level (Diamandis and
Christopoulos, 1990).

Chemiluminescence and bioluminescence offer the most sensitive of all
the luminescence-based measurements (equaling radioisotope methods), while
requiring only modest instrumentation. These methods are based on light
emission from chemically generated excited state molecules. Thus, there is
no need for excitation light. For instance, adenosine triphosphate may be
detected at attomolar concentrations by hand-held instrumentation in sec-
onds using firefly luciferase. Relatively few analytes of interest participate
directly in chemiluminescent reactions, however, so methods must be de-
signed to relate the chemi/bioluminescent intensity to the analyte level us-
ing some coupled reaction, which limits this method to a small number of
analytes. It might be possible to alter microorganisms genetically to yield
the desired analyte-chemiluminescent reaction. Using integrating detectors
such as charge-coupled devices or fast photographic film, as little as a few
enzyme molecules become detectable (Bronstein and McGrath, 1989). Some
recent research has shown that chemiluminescent methods may be adapted
for in situ determinations of some metal ions (see the section on flow injec-
tion analysis). Nitrate, iron, manganese, copper, and cobalt are all detected
with chemiluminescent techniques.

While chemiluminescence is easy, inexpensive, sensitive, and often se-
lective, it remains little used because of the difficulty in coupling recogni-
tion chemistry to chemiluminescent reagents. The instrumentation is sim-
pler than for fluorescence and thus can be constructed for in situ use; luminometers
for monitoring bioluminescent organisms are commercially available. However,
the technique requires consumable reagents, which are somewhat more dif-
ficult to incorporate into an immersible sensor for continuous monitoring,
although Johnson and his colleagues (see the section on flow injection analysis)
have reported progress in this area. Luminol chemiluminescence has been
used from time to time for some analytes such as transition metals, but the
method is nonspecific and requires use of strongly basic compounds for the
reactions. Peroxyoxalate chemiluminescence has been reported as useful
for determining certain fluorescent molecules in liquid chromatography, but
remains seldom used. A recent advance of substantial interest is the devel-
opment of Ws-adamantanyldioxetane derivatives as chemiluminogenic en-
zyme substrates (Schaap, 1988). These molecules are extremely stable until
hydrolyzed by enzymes such as alkaline phosphatase, whereupon they emit